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¥jNS 2!{E1M DHS^l^g °i) g ;£Xf 
[£B2| 2IBS gg] 

XIIIEfe S i* v S2| e ^AIOIIS EAIolfe 3H^£. 
XII2£fe B QS AJAIOHg SA|5)}= 3H^E. 

X)l3Ei= §£H2J 2!!S HAI £J>2| OHff £A|5^ PH^E. 
HI4£fe §SH2J °Hg HAI £X}2J OM EAIofe 3H^S. 

* ESSI ^fi¥^0|| CHS ¥S2| 

101, 201, 301 : ^ = BH4i 3 1 Eh 102 , 202 . 302 , 402 : HH2 

103 , 203 , 303 , 403 : t!S HHd 104 , 204 : iSS 

105 , 205 . 305 . 405 : ±Tl 106 , 206 , 306 . 406 : S)4: 2 = 

107 , 207 , 407 : »&g ^ §§ 2 = 108> 2 08 . 308 : CHS = BH^ 3IEr 
109, 209, 309 : CHS? 2 = 210, 310 : »&S 

111, 211, 311 : UHS a* 112. 212, 312 : 2l!§g 

113. 213 : ^3|£r°| £IS( rubbing) 
[»82| gAIIS 

S i§8 2!!§ ±Xh =S| PUIS °i)E| = OHM&j^S 2!j§ ±XKHI 3§h 20IP. 

^Xhfe HAI £fe m £2 dbXhSAH i?^2S 3? 3HU0I S6HXIH 212. SXH 0I2§ Ol 

SS 3 Alt! HAI SiPl yei 0|gS|2 2ife 24 Oil . ¥Ar§ HAI §xlP H£!EI oll= SOU ^gEIH SI 
Dr. 

2H§ 4;Xffe eg AIM CHSSfe 2S2| 2=ea 0I2 A|0|0|| SI9I5! 2!j§XHS 3|g ¥S 31 XI 

U, §?4*2| S1±g 2fe 5»§ 4iXI£! 3¥ S&2I 2= 33|3|- PS 3^3) BP-. "SI TFT(Thin Film 
Transistor : egHXI^EO g2| ^?IS 4^X18 3)Xlfe ^XKHI/Hfe S^£| 3|5K^3|&)0|| 4: 

¥IS ±I}9} 01 2011 Sfi 2 = 01 gxl3I>, PS 3IEHCHS 2 = )0II SJS gf£l CHS 2 = 

01 gxISP. 

XII3E(a)fe SJ&^ei 2l!E1« QHM^I^g HAI gxIS OlPfe 4^31 Eh 2| SrCHS 2012, 

SI3£(b)fe §^ HAI §x|0|| 2J.01AH X||3E(a)2| C-C'20)l StOiAH°l 9S§ £A|8)fe 201 P. £S 
g ¥£(301)S nr = EH4i 3ie. (302) fer ^A) HH2. (303) S 2s UH2, (305) TFT (s* St Mg»!XI 
±&)2i as 4: XI. (306) S §i± 2 = , (308) S CHS = SH± 3|», (309)fe CHS 2 = . (310)S 

si ±2} nmm, (31DS UHSSj, (312)fe 2H§#M EAISP. 

0| sh§ HAI SxlOIIAIfe ^3|5H301), CHS 3ie(308)0ll ^ s}± 3^(306) S CHS 

S^(309)3F D. mo\\ BHSet(311)0| SS30) 2iH. OIS AhOIOH TN(tv»ist nematic) 

2!|§IH(312)^ 4rag0^ 21P. 

oiai& s^ei ^xife 2"§oii =?w ^gf§ ssshxi aft aHoiife soi m&&n. =?m m&m S3 

m DHOIIfe xhSSI^. OlSUt t^SI SJOIM 2E(norraally white mode)S 0|§@P. 0|£)S iXhfe S}± 
S^(306)°l 2.^0MAHfe °-!§i BICMS 4» g{3| HH^OII ZlCH^fe SIS Sai2| SBbIM 4= 2JP. 

S §14: S^(306)2| mSi\ 3h§Xfdl¥0IIAHfe Sg2| g^SOl 2=0)1 CH8H 45)2£ 3X1 dlD\ HH^Oil °» 
SSOII tiHS 0|^(MS S)0I g^SHAH Sf^OI feO)g^P, S HAI MS2| gioio^ ap 

PPAH e&S OiS WSSOI sJ4i g 3|| ¥011 gxISP. §S^2?fe XII3E(b)0ll EAISIfe bh£f aOI CH 

s 3i e (308) 4fon »s#(3io)§ ^ xi g)3, pass si ois 4= at 33ii¥ % n e&g 21^ 

3H¥¥0HAH S18I«P. a. ^Sl UHS 01 as SS2g gSHXIfer 2!!§°l S3| UHS3J ei3?S S3||2J 
SSOII HISS 3 ^0)1 A) Sf-aSlfe 22S &B|X1 S13| ttHgOH 3£|& UHS 0l£J0| PPP3I 4Hg ¥?I0)| 
PISH »g#(310)2J S^IS «CHSP(gS ^PHS 1-2665 12s Sfi), ^S 2f4i S=(306)S 

□ 8)fe(^e ^3HS 2-13927S IS) 4=&ES SBIS 3fe S^g i§S|21 SBISPIE SP. 

a. HI4E0II EA|8)i= tH9i aOI SJ^ S = (406) OI2H0II MX\& §i 2 = (407)S 8H AH 

sli a = °| Sal 3)§Xf£l¥0ll UHXI6HAH si± ^H^SSJ gf^g £egh 2E acKfja «3HS 3-239229 
S iS). E XH4E0H SlO)AH S5 ¥S(402)fe ^A) HH2. (403) S t!5 UH2. (405) ^XIS 

ppyip. 

d) 2) a 01 °J) S UHS OI^S SB PJ^hAIOH 2} 4: S= Sal 3F§X)£I¥0I|AH y^olU. 01 ¥^011 
AHfe ¥aSS BIOIS 4^ SI 31 dll^OII sf4= 3H¥¥ UIOIIAH 5i)§ HHS OI^OI B^S S^OHfe HAIOII S 
312) aS °4 ggfg QI2IQJ. tBdl SfOIS 2H2I 2«§ ^Xlfe SB OJ31AI0II 338)55 01 £) ^ ^XJ- 
OH/Hfe 3H¥ S)4: S = 2| 331^^X1 *rCH8|3lb ag+8)P. CHS 31 B fe^OII sl^y i)f§§ ^ 

XlS 3? HI3S0II EA|& H)2) ^01 31 & §§JA|2| 0)5^011 fei&Slfe ?J§9 0)^ ¥^0| geSHXIH. 
mil 2 = 0)1 CASH A|O f 2|£ HSIoHOf S=2| S 5)0)1 CHS 3H¥ S^i CH^ gSIOf SP. 
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fsas)a 01 50806 

oia^s si 311 spi mm d\b mm mmon 9\x\ mm §a2s feoie n&m m^i ssoi aacHao. 

?A(i HAI S XI Oil OlgolS ±X1 SOIIAHS AIO^S 3)2| 2at H23t K3I MSOII 3 Big 3D¥8 

§ y§ a2s a°u 3ie aapi ^hsiepi an eon a= 2ia*oi soixhah 3=2121 #s »soi gj 

0)U3I 4H9IXIAH 5»§ tJHSf OI410I 21± LDSOIIAH BtttaPI <H9iaci.- 

m± w=? a^ii ^shah 3H^ss s¥ons ±ui a^oi S3hsi3. 2s si^ 3H?¥2i 2.va?oi 8 

SfCHSO) WaPI MSOII SIHOI IH6181S §2) SHI31 £S21C1. 

IIBIA). 3|& SB 3g2S §£HSC1 Sltt! is 31 XI 81012 SAI S9IS XH81 APIXI 813 JH^SS «hS 
S 4= 21S 4B0I fi^CI. 

si±2i »g§s 401 ei fefoii gxi8 ss, xissm §i± a=3i2i 91x1 g?#s HSdi±38Hni2i §i 

2S I§i 4= 2PI MSOII gOlo^l feS §1J23| SO)XI2M 31 El 21-21 CHS^OIU AlOt^g 0II416H 

ah )R¥i etJ 11231 gioiaci. nau, 21^21 xis2i ssi aaoi oi^g 21^2121 aioioii saei 
auiPi g&i §¥oiis si^ &011 bus? 01801 aa&a. 

I1I420II 2AI8 ti\Si 901 S14: a = (406)2| B9I 31§X1£I¥2| S1¥0H xlSS(407)S 8x18 3 
£1 2!jS BH8 01 8S SBI8 4= 21311 9U, OH <5fl 3^(402 &! 403)3} ^ ggj a = (407)312| S 

SOPI 9I3H 3 = g8S S^81S 3£| 2S°£ SHAH sl± 3 = §91 31S X1£I¥0II HI 
88 §31- C1S21 SHI 3 01 i«»Cf. 

en, twa s^ni ^ §if a= ai-oioii 2i=§ &iS3i 9ioD cds^ 3ieioii 33s ot^i 9)8 xiss 

S 8XI5H01 8C1. 2, ^^i §§ S = (407)8 SIS HI 2S2S gxl8 I!23) 212L), 231 XH80IU 
EHS IS HSAII^OIIAH 2S X|| fif OH SOII gf3)l 8PI S8813, HE! AH 3H^?¥ S^li 3g?ll 33)18 4= 
Sia. if3ll &03 6H£ CHU^ xhg^g ^SJ Slf 2^2) =E1M «ttO)| §8 0)2^21 ojg£3} 

§10) AH JH^S 8#S ?18HAHb sjAI §B8 §8 §H3) 2^?@Ch 

SE. ±$\m SSEi 313 SIOH xf^OI ^28 3^0II£ SAP I- SI4£2f ^SOIIAH 

fe ^3I& SEfe CH8^ 3I&0II §01 2JAf8 S^CHIE :H^¥0||AH SICH^ 3|& ^2| dH<y §01 S0I3 SI 
0) AH 3H3IAH SOI glAhSHAH ^Xh^BIXI §0123. 3 S2f ±?IS ^Ji ^^01 IMP. 

S iSS ^31 S»I§S 6HS8h3, 3 3I¥0||AH°| g°l V^S g^XI83f SAI Oil SI 4; geil 5h 

SJJ£l¥OI|AH ^^8hS °»m2i UH8 0|^2| SHIS. S}£ 12 0|^°S S3II8PI 313, £b 

5IE1 38 SSOIIAH feS 91 II §>S SiEfi 1S£ 81X1 313 5i|§ ^Xf2| ^fe§ S^IAIH 4= 21 
¥218 OHS&!>: ^XIB XIISSIS 31g =£|2^ 8C1. 

s iss n^: a^, tiHa a^ si ±xpi isa 4^31 51m. ch8 a^oi mm gas ens ?i 

SlOil 2MSIH31 412JS0I 213 ^3iei*0||A) ¥211101 EU1£JS eijEI^ OHS&!>:§ s«§ ^XlOil 21 01 AH, 
4^151 ^2| bHa a^. r^¥IS i:Xl SI S14: 2= §211 31SX1£I¥2| 6^011 = g ggh x^ 

12§§ SI 91 UHXI81S S§ ^§2S 8 CI. 

SE, S aSS ^9)S ^XIOII 21S SSOIIte CH8 3121^011 ^9)5J 4iXlS gSQI 122! 

2i xmmm mxmn, 4^3ie ^21 »t§§ o\®m ^ssoiiai^eh ch8 3ie 2121 siai o\ 

5y ^gsa 33ii sis 21s ^§2s sa. 

H1 12011 S ^SS 5!§S HAI ^XhSI OjIS 2AI8C1. JII12(a)S TFTS A1S81S HAI &XI 
Oil 2101AH 4^3|&°| Sl^SS «!CH8 31013, HI12(b)S 43|&, CH8 3|& S 5h§IHS S881S 
HAI ±H°l fl|12(a)2| A-A'a 931 2AI8 31010. XII12(b)0|l 2AI8hS b!21 HOI X1&S2J 
fg a^(107)S 4^3151(101) 410II ^Xl£l3l OH SOU xlSS ^ gg a = (107)21 S14i 2^(106) Al 
0|2| 9|x| Slii HSdl^3eHEIS SSf 4= 21 01 AH SOI oh 311 feS §^231 ^0)5!O. ms, S 
^(107)S UH<!fl a^ 81S0II2 ^x|iE|3, 3 §21 tiHa3}2| 21=01 g{0)XlAH □8^011 XhSSM ^x|8H 
AH eig §231 SlOiaCH. 01 MSOII 3IS212I S8 §i£i 3g3|| MOIXI 31012 3H^?g§ 841A|%! 

4 21 CI. 2 xl^#2| =01 gSSI ^ 0)X| 31 DUSCHI 23| XI 801 2101XIAH DHS ISE S0I81C1. 2 UH 
8 Ol^fS s}± £! = 0||AH 4^31 &2| a)gO| A|5f£IS *0||AH ^^8131 4HS 312S i^SIXj 2122S 3 
3H^0il §§(2ag) 33H82SAM xlS S21« fe^ 4= 21 CI. 2 CH8 3|B(108)0IIS XlSSS M 
xlolXI 813I OH SOII 3IS SSAIOII MS §11231 2?£|X| S101AH fl|S>OI SOISHaci. 

2. HI22S S aSS 2j§8 ^!J§ HAI ^X12| OIIS. HI22(a)S 431 S14:¥S «1CH8 31013. 
HI22(b)S XII22(a)2| B-B'£!0|| 2101AH 2«§ HAI &x|2| BSOII CH6H 2AI8 3J0IP. >:9IS 
4:XK205)31 SH231 2131 MSOII 01 21 Oil SOI gX| 312^ CH83|S(208) 61011 xlSS(210)S ^X|81 
S. 3i± 2121 xISS Ma2813| MSOII 3 E3S ^9IS ^XK205)0fl CD §8 i& Jli§££ 2j»IS 
4- 21 CI. 

3 £13. 315! 2121 0)2^01 SI CD 2! SS0II2 xlS#(210)OI §l± 3H?¥0II 1*£IXI 312^ x1S^2| m 
^ g£l a = (207)2| M&m §82SM| 3|& §8S §^813j| 8 S231 SlOiaCl. Si± 3H?¥2| §^ 

5 S81S 3;** S^ S = (207)S 43|B(201) 80II gX|S|3, 83|2| g?2l Q^3|X|S si± 
a = (206)212| 9)x|g §S813|| 9im 4= 213| MSOII §l± JH^Sg 33|| §311 8 g2S 21C1. 

01 2!j§ ^XIS 4^3|& *0||A) S 3 ¥011 3H¥¥0|| 3I& 612J Me 01 UE1UXI 3131 MSOII 4^31 

B ^OIIAH SOI SA1S 3¥0|IS ^9IS 4:X12| agOl gal^XI 31SC1. 

01^21 »§2? oh§ 4;j>0|| 2101AH SSdIU xlS SSS XI Sf API XI 313. 2 §8 §2S S2HSC1 
3Htf81XI 31012 S 01 g 3§§ 88A|^ 4= 21 CI. 

[^AIOII 1] 

»N2(a)S S aSS 0IS8 TFTS 0IS8 2!<§ HA| §x|2J 8 8A|0||0|| 2101AH ^ 3|&2| 214:SS 
«1M8 31013. Xll12(b)S 431 &21 CD 8 3IS a 9H§XHS 0l¥CHXIS HA| §x|0|| 210) AH 
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S"51 ^0150806 

fll1£(a)0|| 21 01 Al 21 A-A'321 321 £A|» 3S0ICK 

afe eai^ ^iedoi)oii^ b§2§ oi^chxi^ xmmm §e ^ §g 2^(107) 

§ ISoHl, 12#(104A)^ ^ g^ 3^(107) 0| ^3 gg 3^(107)M SJI SJfer ^ 3ie2i 
521 £56f£s E|^£|H §^a(104A)0ll^ OI^CHXIb dHa(102)3F El^Sim. 

OS ^ 2 S( 1048)^1- bHa(102) SI 1£S(104A)§ £S6h£H| ni*rS2tO. 0 | §2 31(1048)011^ 

blSH 4J2jaoS OI^CHX!^ TFT(^ egHXI^EI) 4:XK105). 312^ 01 ¥01 XI am 

dHa(103) 3! 4^/HEH2l 3^(103A) §J IT0(a» 2Jg Ol^OiXI^ fgg si± 3^(106)01 

£A|£]01 SICI. b|§§ ^£122^ Ol^OjXIfer S(105)fe TFT2J xH^ §<*S iS8[2 bHa(102)fe 

mois a^s saw. bisn ^ae£s §asib a (105)21 gas^ ^ji bHaoo3) a 

21 B^¥(103A)3I- 2f2f ±± 3^ » H5||2i 3^M SEfe ^312! 3^ % ±± 3^ 

g aa&a. na°^. ?af m a (102)011 ei^a ass aiois^M! tft^ a^^ gg§ 4, 01 

OlAl am «H^(103)2j 3^01 3^(106)011 4* 81CL 5E CHS 3IBSS g{ = g^y. 

3IEKlO8)0llfc IT0S 0l¥01Xlbr CHS B^(109)» S«HCK 

^3 §g 3^(107)^ 3^(106)2] S3I 3*9»£I¥0I| ^XIH, dHS 0|tf2| 

^SoHAi as ttfiTOII DJS ^§ ¥?i0il CHSHAife ea^OI MOlXlte S«2£ SID. 

TFT ±XK105), am bHa (103), ±±/ = aifi! 3^(103A) Si sf± 3^(106)011 »£|0|0IH 

bHS^(111)§ Efi, ^gSHQ, CHS 3^(109)011 OS UHS^(111)§ SES, £«BCK 3511 D\B 

a«Aioii 2t 3ia S3 oil aoi/Hsi H8 »»oi ah^ ih^ 90 0 s oi¥^ °j§?2£ ass S wis »a 
b * ok 5m m oj ^mm zi^m D\mm seenn, tn ^§xh(ii2)s mxishah sai ±»« 

EE, an£(a)oii °ioiAi, a^fi(n3)s soiesi as ass uatsa. 

oia» ^x^M in&ai aoiM se^ sai shah ^3ieh*¥Et sm mmmo\ ens ^i&^^s^e] b»b 

bh 3 a- B!^A|£| S^LHOIIte ™g bHS 0|#8 3ai »»a» 65g m HlxlPJ a-^oii ah ^H^m 

40%0|^, S&bl 100:1 0|^2J gOIS^I 4 s °i01AH £ ^S2| S33|^h ^2J£l°iCf. 

blUS 9\m g2H ^S2J SAI SAhM ^SSH/H %21& bK ^H^e 35%0ilAi^ ^SbPI- lOMOIoh^ 

£111, 100:12) g^btM 9\oWM^ DW^mm 15% Olo^Xl ^^0101= 

[«IA| Oil 2] 

Xll2£i= S iSi ^§el TFT ^§ SAI S XI 2-1 CIB MA|01|g £A[&P. Xll2£(a)^ 01^^ ^§ SA| 

9X101 sioiai ^^i»2i m±^m mam 20m. xii2£(b)^ xii2£(a)2j b-b-^oii °io<Ai ^§ hai 9 

XI2J B^Oll CH5H £Aleh 50IQ. 

^ s£H^: ^ie(210)0ll^ 312^ OI^CHXI^ ^Ah bHa(202)2f ^11 bH<y(203), b|§^ ^£1^^^ 0 | 
¥01X1^ TFT ^XK205), ITOS 01 ^01X1^ s}± 3^(206), SE m^m (204) M §5H 312^ OI^CHXI 
^ xf^ai St!- ^ §g 3^(207)M ISO, CHS D\B2.£. Sfe M2H>i (208)011^ ITO 

S 01 = 01X1^ CHS 3^(209)2f 312^ 01^01X1^ xf§S(210)M SSSia. 

xf^e(210)B D\B ZI2J Oi^^=oi 5lCH^ £|CH£ TFT ^Xf(205)S S^OIH. 
3^(207)^ DhS.OhXI^ a2| CH^^OI ^ICHS £J01£ »9«(210)0l ^H^VOll UEfUXI & 

^ S^Oia. SE £?3 3^(207)^ MAIOjj 1jJ Q^OhXI^ 3^(206)21 Bai^9»£l¥0ll e 

i¥^f °in , a^j »erou ca^ ^§ ¥«oii chshah^ n e^^oi ^oixi^ s^m ^a. sag ^i 
e h^oii saoioi^ HH8Bt(2n)s es, ^aam, ^i& s^aioii ^ Pie ssoii ?ioiAi bH 
s ^soi ai^ ch^t 90° • oi^^ b-i^o^ bHSxia^ m ^ 5m m2j ?}=*m D\mm 

TN ^§XH(212)M , g XI 8H AH HAI 4:XFS ^SiCf. 

SE fl|2£(a)0|| ?i01Al, a«3(213)S ^?\B2\ EH ^Sf§ £A|§hQ. 

Oia» ^X^Oil CHoH MAI Oil la- g?J 2&201IA1 fiAISKM a»» bh 65m m ElflSI ^H^g 35%0I9. 

bl 200:1 0I92I 3S& sl^M g0|6^| ^ °iC|. SE 0| ^XfM ¥Ah ^^^IIOII OlgoHAl °. k 25 

bH2J ^CH ¥Af SAIM B 3¥0ll£ ^8| WH AI6!« (HBtt)OI &m ^ 

01^21 MAIOIIOllAlfe ^Al^ bH<y, 6!1 bH<y. ^ §g 3^21 2| XHS^Al 311 Olg^oU ^ 

&th IHSfe 012011 ehg£lXI &¥0ls. g24 xl^^ 5E3xll0ie 0)^ 20IU iU, 5E 

3^ S CHS 3^2] XHS^ £3 XH^OI^ ITO^ &99XI SW, ^Xf2J XH^^ 

bi§^ ^a^o^ &g£ixi &n ^a^g c[§ xh^s oigoHs §q. 

^ fegoii mm ^^ohai^ bH<y si <yt bHaoi gg 3^a mmo\j\ w^ou o\m afoioh 
^^6f^ e g^ stroi bHa ^2j as n^S2j sh^m ^°3i>iu. °^a^ zioii ^2^21 ssoii 
21^ dHa B^2i ^h^^oi ecH£i^ 20i ^aso. eeH2i oia^ ?\mm xh^bpi 9\m an am 
3^21 §§§ ei mt: =?^m $\mzz 201 asi^oiu, s nsf &s ^p^m ^ishxi s^^i hhsoii 
mbis o\m ^is^oi oi^ ^xiiai s^xim m2ifHQ. n ^111 §§ gtroii 21& am nia^j 2H 

CH^aOl 62! xl (6x 2. 54cm) 01 21 My Oil &01Al£r 12§i 3000 A 01^21 ^MM 

aSF^^ £E^ i§[ f?^2| ar^o^ g^gfS ^^61 ^XIPI- £1X1 SfeCfe 31 1^201, 0I2M S 

iafb a^i2i nnyoii sioiAi^ bHa xhs^ ^^d|h §§ oigoHAi bna2i xi usag E2S2smi 
am ms2i 2H^m ^xipf ^ 2§ saa. se ^3^21 mmou s\m bHa & 

^Ol ggg SAI ±Xf011 &g 20IU ^ SS2I Sib 012^^ ehSSlXI SHI. OHM S&!& 611 

eu 01 di xi $iMm 5H§2i tin oiggh ^xfoii ^jgoib 3¥oii sism. 

01^ g^m b^2i ^oi, b ssi ^§afs ^?is ^xie ^^a ^xfoii sioiAi, adb 3^ sbu 
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1=0150806 

us nz\¥o\\M ^t£mtz uhs o\&m sjBiom, st£ s^i^si » axistte aoi. m± 
w=?^m sjistxi an 9\x\ ^suhi ao. ±xf°j » oig i§§ xia^ 

a. 



ui¥ seoii ^o\^ »usi »± mu°i uH<y 2^ a »ua ^9i§ ^x^f sga §=g ? 
chs 2^oi lh¥ seoii s^s ^g as? Pie. §y &oi ^g ^piea &oi m¥ s^i 

#31 ^g CHS PI&SI LH¥ AhOI CHI 3I9IS ^SXHS ^dl8KB, #31 ¥g ?^l&*2§¥9 

¥Hf^0l gJAtSEE^. 4^1 ¥S ^PISS LH¥ #011 I2i§ DHXH81G1 £>OI t\Wtt B=?. #3| ^ 

91 s ±x> a m± 2^ sai ^s»ai¥2i 6>¥oii sggn, ^ eg s^hs sfgsite xf^e 
g setstoi, >^9i§ ^xpi- soil ej^am, 401 ^g chs 3ieoi #31 301 a 2] #pi ±91 
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